A detailed numerical study of the Helmholtz Green's function for the description of scalar wave propagation through a nano-hole on a plasmonic layer is presented here. In conjunction with this, we briefly review the analytic formulation taking the nano-hole radius as the smallest length parameter of the system. 
INTRODUCTION
The transmission properties of a scalar field propagating through a nano-hole in a twodimensional (2D) plasmonic layer have been analyzed using a Green's function technique in conjunction with an integral equation formulation [1, 2, 3, 4] . The nano-hole is taken to lie on a plasmonic sheet (located on the plane z = 0 embedded in a three-dimensional (3D) bulk host medium with background dielectric constant ε We consider a two dimensional plasmonic layer S 1 to have a dynamic nonlocal 2D polarizability α (2D) ( k , ω), located on the plane z = 0, embedded in a three dimensional bulk host medium with background dielectric constant ε
Our analysis (below) of the Green's function in the presence of an aperture will be seen to devolve upon the evaluation of G f s ( r, r ; z, z ; ω) at the aperture position r = 0, z = 0 in position representation as given by
Noting Eq. (2.1.11) and employing the 2D polarizability of the layer as [6] 
(n 2D is the 2D equilibrium density on the sheet, m * is the effective mass and µ =
The k -integral of Eq. (2.1.16) is readly evaluated as [7] G f s ( r , 0; z, 0; ω) = 1 4π [1 + µ] We consider a 2D plasmonic layer S 1 which is perforated by a nano-scale aperture S 2 of radius R, as depicted in Fig.3 
where α
( r, r ; ω) is the part of the layer polarizability removed by the nano-hole. The resulting Green's function for the perforated plasmonic layer with the hole satisfies the integral equation
given by
where η + (R − |x|) is the Heaviside unit step function representing a cut-off imposed to confine the integration range on the 2D sheet to the nano-hole dimensions; and the Dirac delta function δ(z) is needed to localize the polarizability onto the plane of the 2D plasmonic layer. A simple approximation of Eq. (3.1.3) for very small radius leads to (A represents the area of the aperture)
and employing it in Eq. (3.1.2) to execute all positional integrations, we obtain
where β = γA 2 with γ =
To solve Eq. (3.1.5), we set r = 0 and z = 0, and determine G(0, r ; 0, z ; ω) as
Substituting Eq. (3.1.6) into Eq. (3.1.5) yields the algebraic closed form analytic solution:
Noting that a transmitted scalar wave is controlled by G( r , 0; z, 0; ω) , we have analyzed this quantity setting r = 0 and z = 0 in Eq. (3.1.7), leading to
. 
(3.1.10)
The divergence of α 
where we have introduced the dimensionless notation y = k /q ω , so that
i q ω y 2 − 1 for y > 1 .
(3.1.13) and the following results are obtained
for q ω R < 1 . Furthermore, substituting Eq. (3.1.14) into the expression for γ, we have Further detail concerning Re[G( r , 0; z, 0; ω)] and Im[G( r , 0; z, 0; ω)] is provided in the figures below for the three z-radiation zones described by z = 50 R (near-field), z = 300 R (middle-field) and z = 1000 R (far-field): 
CONCLUDING REMARKS
In this paper we have carried out a thorough numerical analysis of the closed-form expression for the scalar Green's function of a perforated, thin 2D plasmonic layer embedded in a 3D host medium in the presence of a nano-hole.
Inspection of the resulting Green's function figures shows that for large r → x > 2500nm the spatial dependence of the Green's function becomes becomes oscillatory as a function of r (x) with peaks uniformly spaced. In this regard, it should be noted that our designation of near, middle and far radiation zones is defined in terms of z-values (50R, 300R, 1000R) alone, to the exclusion of r : In consequence of this exclusion, the figures actually carry useful information for r (x) in all radiation zones as conventionally defined in terms of the incident wavelength λ ∼ 2 π/q ω . Furthermore, this approach to oscillatory behavior as a function of r with uniformly spaced peaks is accompanied by a geometric 1/r -diminution of the amplitude of the Green's function. On the other hand, our far zone figures also show that when z > r = x the Green's function flattens as a function of r = x into a region of constancy, which is evident in Fig.4 .6.
APPENDIX
We consider the evaluation of the following integral [7] I(a, b, c) = 
